The availability of hematopoietic growth factors has greatly facilitated the mobilization and collection of peripheral blood stem cells (PBSC). It was the aim of this double-blind study to compare the PBSC-mobilizing efficacy of recombinant human G-CSF and GM-CSF when administered post-chemotherapy. Twenty-six patients with relapsed Hodgkin's disease were included in the study. Their median age was 31 years (range, 22-59) and 14 patients were males and 12 were females. 16 days, while patients transplanted with less than 5 × 10 6 /kg had a delayed reconstitution, regardless of the kind of growth factor used for PBSC mobilization. In conclusion, our data indicate that in patients with Hodgkin's disease G-CSF and GM-CSF given after salvage chemotherapy appear to be not different in their ability to mobilize PBSC resulting in a similar time needed for hematological reconstitution when autografted following high-dose therapy.
Hematopoietic growth factors have greatly facilitated the mobilization and collection of peripheral blood stem cells (PBSC) for autologous and allogeneic transplantation following high-dose therapy. Cytotoxic chemotherapy is associated with an increase in the concentration of circulating hematopoietic progenitor cells during marrow recovery, while the addition of hematopoietic growth factors postchemotherapy further increases the rebound level of the progenitor cells.
1,2 G-CSF and GM-CSF were first introduced to shorten the period of severe neutropenia and are now commonly used for the mobilization of PBSC. 3 In normal healthy volunteers, both G-CSF and GM-CSF administered at a dose of 5 g/kg/day during steady-state hematopoiesis resulted in the collection of 33.6-and 35.6-fold greater numbers of CFU-GM when compared with harvesting performed without mobilization. 4 Evaluating the PBSC-mobilizing ability of both factors, Lane et al 5 observed a significantly greater concentration of circulating CD34
+ cells in normal volunteers on the 5th day of G-CSF treatment in comparison with GM-CSF (61 vs 3 CD34 + cells/l). Both growth factors were given during steadystate hematopoiesis at a dose of 10 g/kg/day. Bolwell et al 6 compared the hematological recovery after transplantation of G-CSF-and GM-CSF-mobilized PBSC. They suggested that hematopoietic recovery was faster when G-CSFmobilized PBSC, bone marrow and G-CSF were used posttransplantation in comparison with GM-CSF-mobilized PBSC, bone marrow and GM-CSF post-transplantation. 6 In this study, the contribution of the cytokine-mobilized PBSC is difficult to evaluate since GM-CSF or G-CSF were also administered following transplantation which may affect the speed of hematological recovery differently. In a prospective study on 22 patients with multiple myeloma Demuynck et al 7 found no significant differences in the numbers of circulating progenitors between patients receiving G-CSF or GM-CSF after single-dose cyclophosphamide.
It was the purpose of this prospective randomized study to compare the efficacy of GM-CSF and G-CSF in mobilizing PBSC when given following cytotoxic chemotherapy in patients with relapsed Hodgkin's disease. In addition, the time needed for hematological reconstitution following transplantation of GM-CSF-and G-CSF-mobilized PBSC was examined.
Patients and methods
Between August 1992 and December 1994, 26 patients with relapsed Hodgkin's disease were enrolled in the study. Patients' characteristics including the type and amount of previous cytotoxic therapy are given in Table 1 . The study was conducted under the guidelines of the Joint Ethical Committee of the University of Heidelberg. Each patient gave his informed consent to participate in this study.
Cytotoxic chemotherapy consisted of dexamethasone, 24 mg p.o. in divided doses daily on days 1-7, melphalan 30 mg/m 2 on day 3, carmustine 60 mg/m 2 on day 3, etoposide 75 mg/m 2 on days 4-7 (total dose 300 mg/m 2 ), cytosinearabinoside 100 mg/m 2 twice daily on days 4-7 (total dose 800 mg/m 2 ) (DexaBEAM). The patients were randomized to receive either 5 g/kg/day G-CSF (filgrastim, Neupogen; Amgen, Munich, Germany) or 5 g/kg/day GM-CSF (molgramostim, Leucomax; Novartis Pharma, Nürnberg, Germany) subcutaneously. The study medication was blinded by the pharmacist. The growth factors were given 1 day after the end of cytotoxic chemotherapy until the last day of leukapheresis. Primary endpoints of the study were the number of CFU-GM and CD34
+ cells harvested per kg body weight on the occasion of six consecutive leukaphereses and the time needed following autografting to reach a stable unsupported platelet count of 20 × 10 9 /l and a neutrophil count of 0.5 × 10 9 /l. Secondary endpoints of the study were the time from start of cytotoxic chemotherapy to the end of PBSC collection and the total number of platelet transfusions given after ABSCT. In addition, the incidence of infections and days of fever greater than 38.5°C, and the days of hospitalization after ABSCT were recorded.
Immunofluorescence staining and flow cytometry
For immunofluorescence analysis, 1 × 10 6 mononuclear cells (MNC) of the leukapheresis product or 20-50 l of whole blood (EDTA) were incubated for 30 min at 4°C using the fluorescein isothiocyanate (FITC)-conjugated monoclonal antibody (moAb) CD34 (HPCA-2) (Becton Dickinson, Heidelberg, Germany). Isotype-identical antibodies served as controls: IgG1, IgG2a (FITC/PE-conjugated, Becton Dickinson, Heidelberg, Germany). The cells were analyzed with a Becton Dickinson FACScan as previously described. 8 
Clonogenic assay for hematopoietic progenitor cells
The concentration of hematopoietic progenitor cells in peripheral blood was assessed using a semisolid clonogenic culture assay (Stem Cell Technologies, Vancouver, Canada), as previously described. 8 
Statistics
The yield of CFU-GM and CD34
+ cells collected on the occasion of six consecutive leukaphereses was compared by means of the Mann-Whitney U test. The time needed for hematological reconstitution was compared between the two groups by the Wilcoxon's test of equality of survival curves over scale.
Results

PBSC collection
Twenty-six patients with refractory or relapsed Hodgkin's disease were included in this double-blind prospective ran-domized study to compare the PBSC-mobilizing efficacy of G-CSF and GM-CSF when given following cytotoxic chemotherapy. Twelve patients were randomized to receive G-CSF, while GM-CSF was given in 14 patients. In both groups of patients, leukaphereses were commenced 18 days following the first day of cytotoxic chemotherapy (median, range 16-28 days (G-CSF) and 16-22 days (GM-CSF)). In patients who received G-CSF, white blood cell counts tended to be greater on the days of leukapheresis than in patients treated with GM-CSF. The difference between the two groups was most pronounced on the day of the second leukapheresis with a median WBC of 26 × 10 9 /l (G-CSF) vs 5 × 10 9 /l (GM-CSF). The greater WBC in patients of the G-CSF group was related to an increased proportion of neutrophils (76 vs 26%). On the other hand, platelet counts during the collection period tended to be greater in patients of the GM-CSF group.
The envisaged number of six leukaphereses could be performed in nine patients of the G-CSF group (75%) and in 12 patients of the GM-CSF group (85%). The total number of nucleated cells, CFU-GM and CD34 + cells harvested was not different between the patients of both groups ( Figure 1 ). The median time from the start of cytotoxic chemotherapy to the end of PBSC collection was 24 and 25 days for patients who received G-CSF and GM-CSF, respectively (range 23-42 days (G-CSF) and 19-30 days (GM-CSF)).
Toxicity
The incidence and severity of adverse events did not differ between the two groups of patients (Table 2 ). Fever and bone pain were the most common side-effects with fever being more pronounced in the GM-CSF group. Still, adverse events in the group of patients treated with GM-CSF resulted more often in a discontinuation of the study (four patients vs one patient). These adverse events were judged to be cytokine-related in only two of these patients who received GM-CSF (pain WHO two; pulmonary distress WHO three, 10 min after first administration of GM-CSF), while musculoskeletal pain in one patient and an episode of acute psychosis with disturbance of consciousness in another patient were considered to be cytokine-unrelated adverse events. Other reasons for discontinuation in the G-CSF group were insufficient PBSC mobilization in three patients and progressive disease in two patients, while one patient of the GM-CSF group wanted to continue the therapy in another hospital. As a result, there were six patients in the G-CSF group and nine patients in the GM-CSF group who proceeded to PBSC-supported high-dose therapy and completed the study.
Hematological reconstitution following PBSC-supported high-dose therapy
The median number of CD34 /kg CFU-GM, and 7.6 × 10 6 /kg vs 5.6 × 10 6 /kg CD34 + cells, for G-CSF and GM-CSF, respectively (U test, P = 0.837 and 0.696).
CSF)). The two patients with the longest time needed for neutrophil recovery (17 and 19 days) received a small number of CD34
+ cells (1.9 and 0.8 × 10 6 CD34 + cells/kg, respectively). The time needed for platelet reconstitution was strongly related to the number of CD34 + cells autografted, irrespective of the factor used for mobilization. All patients who received more than 5 × 10 6 CD34 + cells/kg had unsupported platelet counts of 20.0 × 10 9 /l between 6 and 11 days. On the other hand, in patients autografted with less than 5 × 10 6 CD34 + cells/kg the time needed for platelet reconstitution was between 20 and 32 days. The toxicity associated with the CBV high-dose therapy did not differ between the two groups of patients. For instance, the median days of fever of greater than 38.5°C was similar (3 days (G-CSF) vs 2.5 days (GM-CSF)), as well as the duration of hospitalization post-transplantation (21 days (G- 
Resulting in discontinuation of the study. In two of three patients resulting in discontinuation of the study.
CSF) vs 19 days (GM-CSF)), and the number of platelet transfusions (4 (G-CSF) vs 5 (GM-CSF)
). Blood counts performed 3 months following PBSC-supported high-dose therapy showed almost normal neutrophil counts in all patients with values between 1.4 × 10 9 /l and 15.6 × 10 9 /l, while the platelet count was still below 100 × 10 9 /l in three patients of the G-CSF group and in two patients of the GM-CSF group.
Discussion
To our knowledge, this is the first double-blind randomized prospective study comparing the PBSC-mobilizing effect of G-CSF and GM-CSF when administered following cytotoxic chemotherapy. Patients with relapsed or refractory Hodgkin's disease were included to receive DexaBEAM as salvage therapy. DexaBEAM is an effective salvage treatment resulting in a response rate of 60% in patients with Hodgkin's disease who failed to respond to multidrug cytotoxic chemotherapy. 9 Although DexaBEAM contains relatively myelotoxic compounds such as carmustine and melphalan, the regimen still permits mobilization of a sufficient number of hematopoietic progenitor cells in the majority of patients. 2, 10 In a previous report, we observed a better mobilization of PBSC when GM-CSF was given following DexaBEAM instead of DexaBEAM alone. 2 In the study presented, we administered G-CSF and GM-CSF at a dose of 5 g/kg/day until the last leukapheresis was performed. The hematopoietic growth factors G-CSF and GM-CSF are widely used for the mobilization of hematopoietic progenitor and stem cells. 3 Both cytokines also affect the function of mature blood cells. G-CSF preferentially acts in a lineage-restricted fashion on the colony-forming unit granulocyte (CFU-G) and mature neutrophils, while GM-CSF is a pleiotropic cytokine with a broad spectrum of target cells. 3, [11] [12] [13] [14] For instance, stimulation of macrophages with GM-CSF results in an increase of antimicrobial and antitumor effects. 12, 13 It also supports the maturation and function of dendritic cells, which are involved in the induction of primary T cell immune responses. 14 We have shown that administration of GM-CSF post-chemotherapy results in an increase of T cells expressing the low-affinity receptor for IL-2 (CD25), which was associated with increased serum levels of sCD25. 15, 16 These immune-modulatory effects with induction of secondary cytokines might also explain some of the differences between both growth factors with respect to their side-effects. Fever and musculoskeletal pain were the most common adverse effects during cytokine administration. These side-effects might be more severe during steady-state administration or during the phase of leukocyte recovery when target cells for secondary cytokine production are abundantly present.
The incidence and severity of adverse events observed during G-CSF-and GM-CSF-supported chemotherapy, were similar and mild. Still, adverse events in the GM-CSF group led more often to a discontinuation of the study. A similar incidence of adverse events was observed in a placebo-controlled multi-center trial by Greenberg et al. 17 The patients of his study received GM-CSF following PBSC transplantation. More patients in the GM-CSF group discontinued treatment due to adverse events.
At the time when this study began, there were only scarce data on a relationship between the number of CD34 + cells autografted and the speed of hematological reconstitution. Therefore, a constant number of six leukaphereses was performed to collect a total number of nucleated cells of greater than 4 × 10 8 /kg body weight. This threshold number was based on the results of an earlier study performed in patients with Hodgkin's disease, 2 who had an extensive cytotoxic pretreatment. The yield of CD34 + cells varied greatly between 0.41 and 22.1 × 10 6 /kg body weight and was not related to the kind of growth factor used for mobilization. Twenty-five of 26 patients included in our study were extensively pretreated and had previously received a median number of 7.25 and 8 cycles of cytotoxic chemotherapy (G-CSF and GM-CSF group). In addition, 18 of the 26 patients had undergone extended field radiotherapy. The higher proportion of irradiated patients might have negatively influenced the collection yield in the G-CSF group.
In a later study, including 61 patients with malignant lymphoma, we found that each cycle of chemotherapy resulted in an average decrease of 0.2 × 10 6 CD34 + cells/kg per leukapheresis in non-irradiated patients, while large field radiotherapy reduced the collection efficiency by 1.8 × 10 6 /kg CD34 + cells. 18 Other studies also showed the adverse effect of previous cytotoxic treatment on PBSC mobilization. [19] [20] [21] [22] [23] Following high-dose therapy, autografting of G-CSF-or GM-CSF-mobilized PBSC resulted in a rapid hematological reconstitution, provided that more than 5 × 10 6 CD34 + cells/kg were transplanted. The relationship between the number of CD34 + cells autografted and the time needed for hematological reconstitution has been confirmed in a large number of studies. 8, 18, 24, 25 In a larger group of patients, we have defined the threshold to 2.5 × 10 6 CD34 + cells/kg. 18 No difference in the speed of hematological reconstitution was noted between patients receiving G-CSF-or GM-CSFmobilized PBSC. These data indicate that CD34 + cells mobilized by either G-CSF or GM-CSF into peripheral blood have a similar engraftment potency and proliferative capacity. These results are not unexpected, since the expression of lineage-and differentiation-associated antigens on CD34
+ cells such as CD38 and CD33 is similar on PBSC harvested following G-CSF-and GM-CSF-supported cytotoxic chemotherapy. 7, 26 In contrast, the proportion of more primitive CD34 +
/CD38
− progenitor cells in peripheral blood appears to be greater during steady-state administration of GM-CSF in comparison to G-CSF administration. 27 Whether this translates into a more rapid hematological recovery has not been demonstrated yet. Obviously, accessory cells contained in the leukapheresis products harvested following mobilization using GM-CSF or G-CSF post-chemotherapy are either similar or, if different, without apparent effect on engraftment and hematopoietic recovery. Successful transplantation of selected CD34 + cells supports the idea that accessory cells have no significant effect on the hematopoietic recovery after high-dose therapy with autologous PBSC support. 28 In conclusion, our data indicate that in patients with Hodgkin's disease G-CSF and GM-CSF given after salvage chemotherapy appear to be no different in their ability to mobilize PBSC, resulting in a similar time needed for hematological reconstitution when autografted following highdose therapy. Still, a significant difference might have been missed due to the relatively small number of patients studied.
